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Description
BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to wireless com-
munication, and more particularly, to an uplink transmis-
sion method in an unlicensed band in a wireless commu-
nication system, and a device using the method.

Related Art

[0002] Withthe explosiveincrease in mobile data traffic
in recent years, a service provider has utilized a wireless
local area network (WLAN) to distribute the data traffic.
Since the WLAN uses an unlicensed band, the service
provider can address a demand for a significant amount
of data without the cost of an additional frequency. How-
ever, there is a problem in that an interference phenom-
enon becomes serious due to a competitive WLAN in-
stallation between the providers, quality of service (QoS)
cannot be guaranteed when there are many users, and
mobility cannot be supported. As one of methods for com-
pensating this, a long term evolution (LTE) service in the
unlicensed band is emerged.

[0003] LTE in unlicensed spectrum (LTE-U) or Ii-
censed-assisted access using LTE (LAA) is a technique
in which an LTE licensed band is used as an anchor to
combine a licensed band and an unlicensed band by the
use of carrier aggregation (CA). A user equipment (UE)
first accesses a network in the licensed band. A base
station (BS) may offload traffic of the licensed band to
the unlicensed band by combining the licensed band and
the unlicensed band according to a situation.

[0004] The LTE-U may extend an advantage of LTE
to the unlicensed band to provide improved mobility, se-
curity, and communication quality, and may increase a
throughputsince the LTE has higher frequency efficiency
than the legacy radio access technique.

[0005] Unlike the licensed band in which exclusive uti-
lization is guaranteed, the unlicensed band is shared with
various radio access techniques such as the WLAN.
Therefore, each communication node acquires a channel
to be used in the unlicensed band in a contention-based
manner, and this is called a carrier sense multiple access
with collision avoidance (CSMA/CA). Each communica-
tion node must perform channel sensing before transmit-
ting a signal to confirm whether a channel is idle, and this
is called clear channel assessment (CCA).

[0006] Since various wireless access techniques per-
form the CCA in the unlicensed band, there is a need for
a method capable of reducing an interference.

SUMMARY OF THE INVENTION

[0007] The present invention provides a method and
apparatus for uplink transmission in an unlicensed band.
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[0008] In an aspect, a method for uplink transmission
in an unlicensed band is provided. The method includes
receiving, by a wireless device, an uplink grant for uplink
transmission in an unlicensed band from a base station,
and transmitting, by the wireless device, an uplink chan-
nel in a subframe in the unlicensed band based on the
uplink grant. The subframe comprises a plurality of or-
thogonal frequency division multiplexing (OFDM) sym-
bols and at least one OFDM symbol of the plurality of the
OFDM symbols is defined by a gap during which the up-
link channel is not transmitted.

[0009] The wireless device or another wireless device
may perform clear channel assessment (CCA) during the
gap.

[0010] The gap may comprise a last OFDM symbol

among the plurality of OFDM symbols.

[0011] The gap may comprise a first OFDM symbol
among the plurality of OFDM symbols.

[0012] Inanotheraspect, an apparatus for uplink trans-
mission in an unlicensed band includes a transceiver
configured to transmit and receive a radio signal and a
processor operatively coupled to the transceiver. The
processor is configured to instruct the transceiver to re-
ceive an uplink grant for uplink transmission in an unli-
censed band from a base station, and instruct the trans-
ceiver to transmit an uplink channel in a subframe in the
unlicensed band based on the uplink grant. The subframe
comprises a plurality of orthogonal frequency division
multiplexing (OFDM) symbols, and at least one OFDM
symbol of the plurality of the OFDM symbols is defined
by a gap during which the uplink channel is not transmit-
ted.

[0013] An interference can be reduced in an environ-
ment where various communication protocols coexist in
an unlicensed band.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 shows an example of a long term evolution
(LTE) service using an unlicensed band.

FIG. 2 shows an example of performing uplink (UL)
transmission in 3rd generation partnership project
(3GPP) LTE.

FIG. 3 shows an example of physical uplink shared
channel (PUSCH) transmission in 3GPP LTE.

FIG. 4 shows an example in which a gap is defined
in downlink (DL) transmission according to an em-
bodiment of the present invention.

FIG. 5 shows an example in which a gap is defined
in UL transmission according to another embodi-
ment of the present invention.

FIG. 6 shows an example in which a gap is defined
in UL transmission according to another embodi-
ment of the present invention.

FIG. 7 shows transmission according to another em-
bodiment of the present invention.
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FIG. 8 is a block diagram showing a wireless com-
munication system according to an embodiment of
the present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0015] A wireless device may be fixed or mobile, and
may be referred to as another terminology, such as a
user equipment (UE), a mobile station (MS), a mobile
terminal (MT), a user terminal (UT), a subscriber station
(SS), a personal digital assistant (PDA), a wireless mo-
dem, a handheld device, etc. The wireless device may
also be a device supporting only data communication
such as a machine-type communication (MTC) device.
[0016] A base station (BS) is generally a fixed station
that communicates with the wireless device, and may be
referred to as another terminology, such as an evolved-
NodeB (eNB), a base transceiver system (BTS), an ac-
cess point, etc.

[0017] Hereinafter, it is described that the present in-
vention is applied according to a 3rd generation partner-
ship project (3GPP) long term evolution (LTE) based on
3GPP technical specification (TS). However, this is for
exemplary purposes only, and thus the present invention
is also applicable to various wireless communication net-
works.

[0018] In a carrier aggregation (CA) environment or a
dual connectivity environment, the wireless device may
be served by a plurality of serving cells. Each serving cell
may be defined with a downlink (DL) component carrier
(CC) or a pair of a DL CC and an uplink (UL) CC.
[0019] The serving cell may be classified into a primary
cell and a secondary cell. The primary cell operates at a
primary frequency, and is a cell designated as the primary
cell when an initial network entry process is performed
or when a network re-entry process starts or in a hando-
ver process. The primary cell is also called a reference
cell. The secondary cell operates ata secondary frequen-
cy. The secondary cell may be configured after an RRC
connection is established, and may be used to provide
an additional radio resource. At least one primary cell is
configured always. The secondary cell may be add-
ed/modified/released by using higher-layer signaling
(e.g., a radio resource control (RRC) message).

[0020] A cellindex(Cl)of the primary cell may be fixed.
For example, a lowest Cl may be designated as a Cl of
the primary cell. It is assumed hereinafter that the Cl of
the primary cell is 0 and a Cl of the secondary cell is
allocated sequentially starting from 1.

[0021] FIG. 1 shows an example of an LTE service
using an unlicensed band.

[0022] A wireless device 130 establishes a connection
with a 1st BS 110, and receives a service through a li-
censed band. For traffic offloading, the wireless device
130 may receive a service through an unlicensed band
with respect to a 2nd BS 120.

[0023] The 1stBS 110 is a BS supporting an LTE sys-
tem, whereas the 2nd BS 120 may also support other
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communication protocols such as a wireless local area
network (WLAN) in addition to LTE. The 1st BS 110 and
the 2nd BS 120 may be associated with a carrier aggre-
gation (CA) environment, and a specific cell of the 1st
BS 110 may be a primary cell. Alternatively, the 1st BS
110 and the 2nd BS 120 may be associated with a dual
connectivity environment, and a specific cell of the 1st
BS 110 may be a primary cell. In general, the 1stBS 110
having the primary cell has wider coverage than the 2nd
BS 120. The 1st BS 110 may be called a macro cell. The
2nd BS 120 may be called a small cell, a femto cell, or a
micro cell. The 1st BS 110 may operate the primary cell
and zero or more secondary cells. The 2nd BS 120 may
operate one or more secondary cells. The secondary cell
may be activated/deactivated by an indication of the pri-
mary cell.

[0024] The above description is for exemplary purpos-
es only. The 1st BS 110 may correspond to the primary
cell, and the 2nd BS 120 may correspond to the second-
ary cell, so that the cell can be managed by one BS.
[0025] The licensed band is a band in which an exclu-
sive use is guaranteed to a specific communication pro-
tocol or a specific provider.

[0026] The unlicensed bandis a band in which various
communication protocols coexist and a shared use is
guaranteed. The unlicensed band may include 2.5 GHz
and/or 5GHz band used in a WLAN.

[0027] It is assumed in the unlicensed band that a
channel is occupied basically through contention be-
tween respective communication nodes. Therefore, in
communication in the unlicensed band, it is required to
confirm that signal transmission is not achieved by other
communication nodes by performing channel sensing.
For convenience, this is called a listen before talk (LBT),
and if it is determined that signal transmission is not
achieved by other communication nodes, this case is de-
fined as confirmation of clear channel assessment
(CCA).

[0028] The LBT mustbe performed preferentially in or-
der for a BS or wireless device of an LTE system to have
access to a channel in the unlicensed band. Further,
when the BS or wireless device of the LTE system trans-
mits a signal, an interference problem may occur since
other communication nodes such as the WLAN or the
like also perform the LBT. For example, in the WLAN, a
CCA threshold is defined as -62dBm as to a non-WLAN
signal and is defined as -82dBm as to a WLAN signal.
This means that interference may occur in an LTE signal
due to other WLAN devices when the LTE signal is re-
ceived with power less than or equal to -62dBm.

[0029] Hereinafter, when it is said that 'LBT is per-
formed’ or 'CCA is performed’, it implies that whether a
channel is idle or is used by another node is confirmed
first and thereafter the channel is accessed.

[0030] Hereinafter, the LTE and the WLAN are de-
scribed for example as a communication protocol used
in the unlicensed band. This is for exemplary purposes
only, and thus it may also be said that a 1st communica-
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tion protocol and a 2nd communication protocol are used
in the unlicensed band. A BS supports the LTE. A UE is
a device supporting the LTE.

[0031] Hereinafter, although it is described that down-
link (DL) transmission is based on transmission per-
formed by a BS and uplink (UL) transmission is based
on transmission performed by a UE, the DL transmission
and the UL transmission may also be performed by a
transmission node or node group in a wireless network.
The UE may imply an individual node which exists for
each user, and the BS may imply a central node for trans-
mitting/receiving and controlling data for a plurality of in-
dividual nodes. From this perspective, the term 'BS’ may
be replaced with a DL node, and the term "UE’ may be
replaced with a UL node.

[0032] A cell (or carrier) operating in an unlicensed
band may be called as an unlicensed cell or an unli-
censed carrier. A cell operating in a licensed band may
be called as a licensed cell or a licensed carrier.

[0033] Now, 3GPP LTE downlink (DL)/uplink (UL)
scheduling and physical channels will be described.
[0034] In3GPPLTE,the DL/UL schedulingis achieved
in unit of subframes. The subframe includes a plurality
of orthogonal frequency division multiplexing (OFDM)
symbols, and a time required to transmit one subframe
is defined as atransmission time interval (TTI). 1 TTI may
be 1ms. In 3GPP LTE, in case of a normal cyclic prefix
(CP), one subframe includes 14 OFDM symbols, and in
case of an extended CP, one subframe includes 12
OFDM symbols.

[0035] In 3GPP LTE, a DL physical channel may in-
clude a physical downlink control channel (PDCCH), a
physical control format indicator channel (PCFICH), a
physical hybrid-ARQ indicator channel (PHICH), and a
physical downlink shared channel (PDSCH). A UL phys-
ical channel may include a physical uplink control chan-
nel (PUCCH) and a physical uplink shared channel
(PUSCH).

[0036] The PCFICH transmittedina 1st OFDM symbol
of the subframe carries a control format indicator (CFI)
regarding the number of OFDM symbols (i.e., a size of
the control region) used for transmission of control chan-
nels in the subframe. A wireless device first receives the
CFlonthe PCFICH, and thereafter monitors the PDCCH.
[0037] The PHICH carries a positive-acknowledge-
ment (ACK)/negative-acknowledgement (NACK) signal
for a UL hybrid automatic repeat request (HARQ). The
ACK/NACK signal for UL data on a PUSCH transmitted
by the wireless device is transmitted on the PHICH.
[0038] Control information transmitted through the PD-
CCH is referred to as downlink control information (DCI).
The DCI may include resource allocation of the PDSCH
(this is referred to as a DL grant) and resource allocation
of a PUSCH (this is referred to as a UL grant).

[0039] FIG. 2 shows an example of performing UL
transmission in 3GPP LTE.

[0040] A UE receives a UL grant 210 having PUSCH
resource allocation from a BS in a DL subframe. In ad-
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dition, the UE transmits a UL transport block to the BS
on a PUSCH 220 in a UL subframe n+k. In 3GPP LTE,
it is fixed to k=4.

[0041] The UE receives an ACK/NACK signal 230 for
the UL transport block on a PHICH in a DL subframe
n+k+j. Herein, j=4. The ACK/NACK signal may be recep-
tion acknowledgement for the UL transport block. The
ACK/NACK signal is an ACK signal when decoding of
the UL transportblock is successful, andisa NACK signal
when the decoding of the UL transport block fails. If the
ACK/NACK signal is NACK, the BS may transmit a re-
transmission grant for retransmission to the UE.

[0042] The UE may transmitaretransmission transport
block to the BS on a PUSCH indicated by the retrans-
mission grant in a UL subframe n+k+j+k.

[0043] FIG. 3 shows an example of PUSCH transmis-
sion in 3GPP LTE.

[0044] This is a case where one subframe includes 14
OFDM symbols. A reference signal (RS) for demodula-
tion of PUSCH data is transmitted on 4th and 11th OFDM
symbols, and PUSCH data (i.e., a UL transport block) is
transmitted on the remaining OFDM symbols.

[0045] As described above, in 3GPP LTE, the PUSCH
transmission performs in an entire time region of a sub-
frame. When it is said that transmission is performed in
the entire time region of the subframe, it may imply that
transmission is performed in all OFDM symbols in the
subframe. If PUSCH scheduling is performed continu-
ously in consecutive subframes in an unlicensed band,
normal UL transmission may be difficult since CCA can-
not be performed. For example, assume thata PUSCH1
for a UE1 is scheduled in a subframe i, and a PUSCH2
fora UE2 is scheduled in a subframe i+1. When the UE2
performs the CCA for transmission of the PUSCH2, the
UE2 may recognize that a radio medium is not idle due
to transmission of the PUSCH1 in a previous subframe i.
[0046] Accordingly, hereinafter, itis proposed to define
a gap (or a guard period) for performing CCA to start UL
transmission or DL transmission. During the gap, a UE
or a BS may not be used for any transmission.

[0047] The gap may include one or more OFDM sym-
bols. Alternatively, the gap may include not all but some
OFDM symbols. For example, the gap may be represent-
ed by 1/2 OFDM symbol, 1 OFDM symbol, 2 OFDM sym-
bol, 3/2 OFDM symbol, etc.

[0048] FIG. 4 shows an example in which a gap is de-
fined in DL transmission according to an embodiment of
the present invention.

[0049] To perform CCA for UL transmission in a next
subframe, a PDSCH 410 to be transmitted in a current
subframe is not transmitted during a gap 411 of a sub-
frame. The gap 411 may include a last OFDM symbol of
the subframe. For convenience, a PDSCH of which one
part of a subframe is empty is called a truncated PDSCH.
[0050] If there is no next UL transmission, a normal
PDSCH 420 may be transmitted in a corresponding sub-
frame.

[0051] When a plurality of PDSCHs are transmitted in
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a plurality of consecutive subframes to one UE, the one
UE may assume that alast PDSCH 430 to be transmitted
in a last subframe is always a truncated PDSCH. That
is, a gap 431 exists in a last subframe of a plurality of
subframes to be scheduled continuously.

[0052] A UE for which a PDSCH is scheduled in sub-
frame i cannot know whether another UE starts UL trans-
mission in a next subframe, and thus cannot know wheth-
eragap exists in a last portion of the PDSCH. Therefore,
when PDSCH transmission is scheduled, the BS may
inform the UE whether a corresponding PDSCH is a trun-
cated PDSCH or a normal PDSCH. Alternatively, the BS
may inform the UE whether a gap exists in a correspond-
ing subframe. This information may be included in a DL
grant on a PDCCH.

[0053] FIG. 5 shows an example in which a gap is de-
fined in UL transmission according to another embodi-
ment of the present invention.

[0054] To perform CCA for UL transmission in a next
subframe, a PUSCH 510 to be transmitted in a current
subframe is not transmitted during a gap 511 of a sub-
frame. The gap 511 may include a last OFDM symbol of
the subframe. For convenience, a PUSCH of which one
part of a subframe is empty is called a truncated PUSCH.
[0055] If there is no next UL transmission, a normal
PUSCH 520 may be transmitted in a corresponding sub-
frame.

[0056] When a plurality of PUSCHs are scheduled in
a plurality of consecutive subframes for one UE, the one
UE may assume that alast PDSCH 530 to be transmitted
in a last subframe is always a truncated PDSCH. That
is, a gap 531 exists in the last subframe of a plurality of
subframes to be scheduled continuously. If the plurality
of PUSCHSs are scheduled continuously in the plurality
of consecutive subframes, the UE does not need to gen-
erate a gap in a subframe other than the last subframe
since it can be seen that the UE continuously occupies
a radio medium.

[0057] The plurality of consecutive PUSCHs may be
scheduled by one UL grant. Alternatively, the plurality of
consecutive PUSCHs may be scheduled respectively by
a plurality of UL grants.

[0058] It may be assumed that the last subframe of the
PUSCH scheduled for the UE is always a truncated
PUSCH. When the PUSCH is scheduled for the UE
through one subframe or a plurality of consecutive sub-
frames, it can be said that the truncated PUSCH is trans-
mitted in the last subframe.

[0059] It is sometimes unclear whether the UE will
transmit a truncated PUSCH in a corresponding sub-
frame. Forexample, the UE may miss one partof PUSCH
scheduling for a plurality of consecutive subframes. Fur-
ther, in general, the UE cannot know whether UL/DL
transmission by another device (e.g., PUSCH transmis-
sion of another UE or DL transmission of a BS) starts in
a next subframe. Therefore, a UL grant for scheduling
UL transmission may include gap information.

[0060] The gap information may include at least one
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of whether a PUSCH type in a specific subframe is a
truncated PUSCH, whether there is a gap in the specific
subframe, and whether CCA is performed for scheduled
PUSCH transmission.

[0061] When the gap does not exist in the subframe i,
it may imply that the UE does not perform a CCA oper-
ation for transmission in a subframe i+1. When the CCA
operation for transmission in the subframe i+1 is not per-
formed, it may imply that the gap does not exist in the
subframe i.

[0062] FIG. 6 shows an example in which a gap is de-
fined in UL transmission according to another embodi-
ment of the present invention.

[0063] Compared withthe embodimentof FIG.5, agap
621 begins from a start point of a subframe. To perform
CCA for UL transmission in a current subframe, a trun-
cated PDSCH 620 to be transmitted in the current sub-
frame is not transmitted during the gap 621 of the sub-
frame. The gap 621 may include a first OFDM symbol of
the subframe. According to a CCA operation of a UE, a
duration in which a PUSCH is not transmitted may be
longer than a gap 721.

[0064] If there is no current UL transmission, a normal
PDSCH 630 may be transmitted in a corresponding sub-
frame.

[0065] When a plurality of PUSCHs 650 and 660 are
scheduled in a plurality of consecutive subframes to one
UE, the one UE can assume that a first PDSCH 650 to
be transmitted in a first subframe is always a truncated
PDSCH. That is, a gap 651 exists in the start of the first
subframe of a plurality of subframes to be scheduled con-
tinuously. If the plurality of PUSCHs are scheduled con-
tinuously in the plurality of consecutive subframes, the
UE does not need to generate a gap in a subframe other
than the first subframe since it can be seen that the UE
continuously occupies a radio medium.

[0066] The plurality of consecutive PUSCHs may be
scheduled by one UL grant. Alternatively, the plurality of
consecutive PUSCHs may be scheduled respectively by
a plurality of UL grants.

[0067] It may be assumed that the first subframe of the
PUSCH scheduled for the UE is always a truncated
PUSCH. When the PUSCH is scheduled for the UE
through one subframe or a plurality of consecutive sub-
frames, it can be said that the truncated PUSCH is trans-
mitted in the first subframe.

[0068] It is sometimes unclear whether the UE will
transmit a truncated PUSCH in a corresponding sub-
frame. For example, the UE may miss one part of PUSCH
scheduling for a plurality of consecutive subframes. Fur-
ther, in general, the UE cannot know whether UL/DL
transmission by another device (e.g., PUSCH transmis-
sion of another UE or DL transmission of a BS) starts in
a next subframe. Therefore, a UL grant for scheduling
UL transmission may include gap information.

[0069] The gap information may include at least one
of whether a PUSCH type in a specific subframe is a
truncated PUSCH, whether there is a gap in the specific
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subframe, and whether CCA is performed for scheduled
PUSCH transmission.

[0070] When the gap does not exist in the subframe i,
it may imply that the UE does not perform a CCA oper-
ation for transmission in a subframe i. Likewise, when
the CCA operation for transmission in the subframe i is
not performed, it may imply that the gap does not exist
in the subframe i.

[0071] Inthe embodiment of FIG. 5 or FIG. 6, informa-
tion regarding a subframe in which a gap exists or a sub-
frame in which a gap may exist (this is called a gap sub-
frame) may be given in advance through an RRC mes-
sage. A BS may provide a UE with information regarding
a subframe designated as the gap subframe among a
plurality of subframes in a radio frame.

[0072] FIG. 7 showstransmission accordingtoanother
embodiment of the present invention.

[0073] There may be a limitation on a maximum time
(this is called a maximum occupancy time) in which one
communication node can continuously transmit a signal
through a wireless medium in an unlicensed band. If a
DL transmission duration or a UL transmission duration
exceeds the maximum occupancy time, there may be a
gap in which a BS or a UE does not transmit a signal in
the DL transmission duration or the UL transmission du-
ration.

[0074] Information regarding the maximum occupancy
time may be given in advance through an RRC message
to facilitate the determining of whether the gap exists in
PDSCH reception or PUSCH transmission of the UE.
[0075] In the example of FIG. 7, it is assumed that
transmission of 6 consecutive PUSCHs is scheduled for
one UE through 6 consecutive subframes. It is also as-
sumed that a maximum occupancy time is 4ms, that is,
4 subframes. Information regarding the maximum occu-
pancy time may be provided by the BS to the UE. The
UE may have a gap 711 at a boundary of a last subframe
in the maximum occupancy time. It shows that the gap
711 exists at the end of a 4th subframe.

[0076] The UE orthe BS may perform CCA during the
gap 711 and may not transmit a PUSCH or PDSCH in a
next subframe depending on a result of performing the
CCA.

[0077] FIG. 8 is a block diagram showing a wireless
communication system according to an embodiment of
the present invention.

[0078] A wireless device 50 includes a processor 51,
a memory 52, and a transceiver 53. The memory 52 is
coupled to the processor 51, and stores various instruc-
tions executed by the processor 51. The transceiver 53
is coupled to the processor 51, and transmits and/or re-
ceives a radio signal. The processor 51 implements the
proposed functions, procedures, and/or methods. In the
aforementioned embodiment, an operation of the UE
may be implemented by the processor 51. When the
aforementioned embodiment is implemented with a soft-
ware instruction, the instruction may be stored in the
memory 52, and may be executed by the processor 51
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to perform the aforementioned operation.

[0079] ABSG60includes aprocessor 61, a memory 62,
and a transceiver 63. The BS 60 may operate in an un-
licensed band. The memory 62 is coupled to the proces-
sor 61, and stores various instructions executed by the
processor 61. The transceiver 63 is coupled to the proc-
essor 61, and transmits and/or receives a radio signal.
The processor 61 implements the proposed functions,
procedures, and/or methods. In the aforementioned em-
bodiment, an operation of the BS may be implemented
by the processor 61.

[0080] The processor may include Application-Specif-
ic Integrated Circuits (ASICs), other chipsets, logic cir-
cuits, and/or data processors. The memory may include
Read-Only Memory (ROM), Random Access Memory
(RAM), flash memory, memory cards, storage media
and/or other storage devices. The RF unit may include
a baseband circuit for processing a radio signal. When
the above-described embodiment is implemented in soft-
ware, the above-described scheme may be implemented
using a module (process or function) which performs the
above function. The module may be stored in the memory
and executed by the processor. The memory may be
disposed to the processor internally or externally and
connected to the processor using a variety of well-known
means.

[0081] In the above exemplary systems, although the
methods have been described on the basis of the flow-
charts using a series of the steps or blocks, the present
invention is not limited to the sequence of the steps, and
some of the steps may be performed atdifferent sequenc-
es from the remaining steps or may be performed simul-
taneously with the remaining steps. Furthermore, those
skilled in the art will understand that the steps shown in
the flowcharts are not exclusive and may include other
steps or one or more steps of the flowcharts may be de-
leted without affecting the scope of the presentinvention.
[0082] The followingdescription pages 11to 12 contain
preferred embodiments. Accordingly, the term "claim" as
used therein refers to such a "preferred embodiment".

1. A method for uplink transmission in an unlicensed
band, the method comprising:

receiving, by a wireless device, an uplink grant
for uplink transmission in an unlicensed band
from a base station; and

transmitting, by the wireless device, an uplink
channel in a subframe in the unlicensed band
based on the uplink grant,

wherein the subframe comprises a plurality of
orthogonal frequency division multiplexing
(OFDM) symbols, and

wherein at least one OFDM symbol of the plu-
rality of the OFDM symbols is defined by a gap
during which the uplink channel is not transmit-
ted.
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2. The uplink transmission method of claim 1, where-
in the wireless device or another wireless device per-
forms clear channel assessment (CCA) during the

gap.

3. The uplink transmission method of claim 1, where-
in the gap comprises a last OFDM symbol among
the plurality of OFDM symbols.

4. The uplink transmission method of claim 1, where-
in the gap comprises a first OFDM symbol among
the plurality of OFDM symbols.

5. The uplink transmission method of claim 1, where-
in the wireless device transmits a plurality of uplink
channels respectively in a plurality of consecutive
subframes.

6. The uplink transmission method of claim 5, where-
in the gap exists only in a last subframe among the
plurality of consecutive subframes.

7. The uplink transmission method of claim 5, where-
in the gap exists only in a first subframe among the
plurality of consecutive subframes.

8. The uplink transmission method of claim 1, where-
in the uplink grant comprises information indicating
whether the gap exists in the subframe in which the
uplink channel is transmitted.

9. The uplink transmission method of claim 1, where-
in the uplink grant comprises information indicating
whether CCA will be performed for transmission of
the uplink channel.

10. An apparatus for uplink transmission in an unli-
censed band, the apparatus comprising:

a transceiver configured to transmit and receive
a radio signal; and

a processor operatively coupled to the trans-
ceiver and configured to:

instruct the transceiver to receive an uplink
grant for uplink transmission in an unli-
censed band from a base station; and
instruct the transceiver to transmit an uplink
channel in a subframe in the unlicensed
band based on the uplink grant,

wherein the subframe comprises a plurality of
orthogonal frequency division multiplexing
(OFDM) symbols, and

wherein at least one OFDM symbol of the plu-
rality of the OFDM symbols is defined by a gap
during which the uplink channel is not transmit-
ted.
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11. The apparatus of claim 10, wherein the appara-
tus or another wireless device performs clear chan-
nel assessment (CCA) during the gap.

12. The apparatus of claim 10, wherein the gap com-
prises a last OFDM symbol among the plurality of
OFDM symbols.

13. The apparatus of claim 10, wherein the gap com-
prises a first OFDM symbol among the plurality of
OFDM symbols.

Claims

A method for uplink, UL, transmission in an unli-
censed band, the method comprising:

receiving, by a wireless device, a UL grant com-
prising resource allocation of a physical uplink
shared channel, PUSCH, and gap information,
wherein the gap information is related to whether
the PUSCH is a truncated PUSCH including a
gap in a first orthogonal frequency division mul-
tiplexing, OFDM, symbol of the PUSCH; and
transmitting, by the wireless device, the PUSCH
in a subframe in the unlicensed band based on
the UL grant.

The method of claim 1, wherein the PUSCH includes
consecutive PUSCHSs being scheduled in consecu-
tive subframes.

The method of claim 2, wherein the gap exists in a
first subframe of the consecutive subframes.

The method of claim 1, wherein the wireless device
performs a clear channel assessment, CCA, opera-
tion in the gap.

An apparatus for uplink, UL, transmission in an un-
licensed band, the apparatus comprising:

a transceiver configured to transmit and receive
a radio signal; and

a processor operatively coupled to the trans-
ceiver and configured to:

instruct the transceiver to receive a UL grant
comprising resource allocation of a physical
uplink shared channel, PUSCH, and gap in-
formation,

wherein the gap information is related to
whether the PUSCH is a truncated PUSCH
including a gap in afirst orthogonal frequen-
cy division multiplexing, OFDM, symbol of
the PUSCH; and

instruct the transceiver to transmit the
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PUSCH in a subframe in the unlicensed
band based on the UL grant.

The apparatus of claim 5, wherein the PUSCH in-
cludes consecutive PUSCHs being scheduled in
consecutive subframes.

The apparatus of claim 6, wherein the gap exists in
a first subframe of the consecutive subframes.

The apparatus of claim 5, wherein the processor is
further configured to instruct the transceiver to per-
forms a clear channel assessment, CCA, operation
in the gap.
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